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Method for Forming a Self-Passivated Copper Interconnect Structure 

Background of Invention 

1 ) Field of the Invention 

This invention relates generally to fabrication of a semiconductor 
device and more particularly to a method for forming a self-passivated copper damascene 
structure. 

2) Description of the Prior Art 

In integrated circuit technology, increased performance (i.e. faster 
processing) and greater packaging density are continually demanded. A promising 
approach to increasing performance is the use of copper damascene wiring. By reducing 
RC delay, copper damascene wiring provides improved performance. 
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However, as packaging densities of integrated circuits continue to 
increase, interconnect structures must shrink. To shrink interconnect structures improved 
step coverage is required. For damascene wiring metal must fill not only trenches, but 
vias as well. To realize copper damascene wiring, new technologies with excellent step 
coverage, such as MOCVD and electroplating have been developed. A dielectric barrier 
layer, such as nitride, has to be put on top of the damascene structure to prevent copper 
diffusion out of the damascene structure. A nitride barrier layer, because of its high 
dielectric constant (K-value) will result in high intra-layer capacitance, increasing RC 
delay. 

The importance of overcoming the various deficiencies noted above is 
evidenced by the extensive technological development directed to the subject, as 
documented by the relevant patent and technical literature. The closest and apparently 
more relevant technical developments in the patent literature can be gleaned by 
considering the following patents. 

US 5,91 3,1 47(Dubin et al.) shows a layer over a Cu alloy plug. 

US 5,728,629(Mizuno et al.) shows a passivation process. 

US 5,71 4,4 18(Bia et al.) discloses a Cu interconnect 

US 5,391 ,5 1 7(Gelatos et al.) discloses a Cu interconnect. 

US 6,046, 108(Liu et al.) shows a layer over a Cu plug. 
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SUMMARY OF THE INVENTION 

It is an object of an embodiment of the present invention to provide a 
method for forming a self-passivated copper-damascene structure. 

It is another object of an embodiment of the present invention to 
provide a method for forming a copper damascene structure with reduced RC delay. 

It is another object of an embodiment of the present invention to 
provide a method for forming a copper damascene structure without using inhibitor 
agents in the CMP slurry used to planarize the copper fill. 

It is yet another object of an embodiment of the present invention to 
provide a method for forming a copper damascene structure that prevents reaction 
between the copper and subsequent PECVD process steps. 



The present invention provides an embodiment a method for forming a 
self-passivated interconnect structure. An insulating layer is formed over a 
semiconductor structure. An opening is formed in the insulating layer. Next, we form a 
fill layer comprised of Cu and Ti over insulating layer. In a nitridation step, we nitridize 
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the fill layer to form a self-passivation layer comprised of titanium nitride over the fill 
layer. 

The present invention achieves these benefits in the context of known 
process technology. However, a further understanding of the nature and advantages of 
the present invention may be realized by reference to the latter portions of the 
specification and attached drawings. 
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Brief Description of the Drawings 

The features and advantages of a semiconductor device according to 
the present invention and further details of a process of fabricating such a semiconductor 
device in accordance with the present invention will be more clearly understood from the 
following description taken in conjunction with the accompanying drawings in which like 
reference numerals designate similar or corresponding elements, regions and portions and 
in which: 

Fig 1 illustrates a sequential sectional view of a method for forming a 
self-passivated damascene structure according an embodiment of the present invention. 

Fig. 2 illustrates a sequential sectional view of a method for forming a 
self-passivated damascene structure according an embodiment of the present invention. 

Fig. 3 illustrates a sequential sectional view of a method for forming a 
self-passivated damascene structure according an embodiment of the present invention. 

Fig. 4 illustrates a sequential sectional view of a method for forming a 
self-passivated damascene structure according an embodiment of the present invention. 
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Fig. 5 is a backscattering spectra for a copper-titanium sample layer as 
deposited, and following an annealing step for the copper-titanium layer as deposited. 

Fig. 6 is a backscattering spectra for a copper-titanium sample layer as 
deposited, and following an annealing step. Fig. 6 shows a backscattering spectra for the 
copper-titanium layer after a 30 minute anneal in NH3 at a temperature of about 400°C. 

Fig. 7 is backscattering spectra for a copper-titanium sample layer as 
deposited, and following an annealing step. Fig. 7 shows a backscattering spectra 
following annealing of a copper-titanium layer in NH3 for 30 minutes at a temperature of 
about 550°C. 
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Detailed Description of the Invention 

The present invention will be described in detail with reference to the 
accompanying drawings. The present invention provides an embodiment for method for 
forming a self-passivated copper interconnect structure. 

Referring to Fig. 1 , the process begins by forming a opening (e.g., dual 
damascene pattern) (1 5) in an insulating layer (12) over a semiconductor structure (11). 
Semiconductor structure (1 1) can be understood to comprise a substrate of 
semiconducting material, such as monocrystalline silicon, GaAs, SiGe or a like structure, 
such as silicon-on-insulator (SOI). Semiconductor structure (1 1) can be understood to 
possibly further include one or more conductive and/or insulating layers over the 
substrate, and one or more active and/or passive devices formed on or over such 
substrate. Opening (e.g.,. Damascene pattern) (15) can be understood to comprise 
trenches and/or vias formed in an insulating layer (12) overlying a substrate. Such 
trenches and vias are typically filled with a conductive material, such as aluminum or 
copper, to form interconnects for an integrated circuit. The opening (15) can be any 
shape. The opening (15) can expose underlying conductive lines, elements or device in 
the semiconductor structure (11). 
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The insulating layer can be formed of low-k materials with a dielectric 
constant less than 3.0 or of a oxide or doped oxide. The insulating layer can be an inter 
metal dielectric (IMD) layer. 

Referring to Fig. 2, a barrier layer (20) is formed over the 
semiconductor structure (11), covering the bottoms and sides of the trenches and/or vias 
in the opening (15) (e.g., dual damascene pattern) (15). The barrier layer (20) is 
preferably formed on the insulating layer in the opening (15). The barrier layer (20) 
prevents migration of copper into the insulating layer (12) from subsequently formed 
copper containing layers. The barrier layer can comprise various metal alloys, including 
but not limited to tantalum nitride, molybdenum, tungsten, chromium and vanadium; and 
preferably has a thickness between 50 and 2000 A. 

Still referring to Fig. 2, a seed layer (30) preferably comprised of 
copper and titanium is formed over the barrier layer (20). The copper-titanium seed 
layer preferably has a thickness of between about 50 angstroms and 2000 angstroms, and 
titanium concentration of between about 0.1 and 2.0 weight % . The copper-titanium 
seed layer can be deposited using a sputtering or plating; and most preferably by a 
sputtering process using a titanium doped copper target. The target preferably comprises 
between about 0.1 and 2.0 % Ti by weigh. 



8 



TSMCOO-101 



Next, a copper fill layer (40) is formed over the copper-titanium seed 
layer (30). The copper fill layer (40) is formed using a process which provides good gap 
filling properties. The copper fill layer can be deposited using chemical vapor deposition 
(CVD), plasma-enhanced chemical vapor deposition (PECVD), or most preferably 
copper electroplating (or ECD). The copper fill layer (40) has a sufficient thickness to 
completely fill the damascene patterning. The copper fill preferably essentially consists 
of copper. 

Referring to Fig. 3, the copper fill layer (40) is preferably planarized. 
While any of various planarizing processes known in the art can be used, the copper fill 
layer (40) is preferably planarized using a chemical-mechanical polishing process. 
Following planarization, the top surface of the copper fill layer (40) is approximately co- 
planar with the top surface of the adjacent insulating layer (12). An advantage of the 
embodiment is that an inhibitor agent does not have to be added to the CMP slurry. The 
seed layer 30 over the insulating layer is preferably removed by the planarization process. 

The copper-titanium seed layer (30) and the copper fill layer (40) are 
preferably annealed following planarization to form a copper-titanium fill layer (50) (e.g., 
a Copper fill layer that is Ti doped or a Ti doped Cu fill layer). Preferably the annealing 
step is performed at a temperature between about 150 and 450 °C, for a time between 
about 0.5 and 5 minutes, in an atmosphere of N 2 /H 2 forming gas. The anneal causes the 
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titanium (Ti) in the Copper -titanium seed layer (30) to migrate or diffuse throughout the 
copper fill layer (40), thereby forming a copper -titanium fill layer (50). Preferably the 
Ti is essentially uniformly distributed through the copper -titanium fill layer (50). 

The embodiment's copper -titanium fill layer (50) could be formed by 
other process known by those skilled in the art, such as possibly plating, sputtering or 
depositing a Cu doped Ti layer without Ti in the seed layer. 

Optionally, an over-polish process can be performed after annealing to 
provide a more planar surface on the copper-titanium fill layer (50). 

Referring to Fig. 4, the copper-titanium fill layer (50) is preferably 
nitridized to form a self-passivation layer (60) over the copper-titanium fill layer (50). 
The self-passivation layer can be comprised of TiN, oxygen rich TiN. (TiN(O)) or TiON 
or combination thereof. The nitridation step uses the Ti in the fill layer 60 to form a self- 
passivation layer (60) comprised of titanium nitride. 

There are four preferred embodiments for the nitridation process to 
form the self-passivation layer (60) comprised of titanium nitride. 

First, the nitridization can be performed by soaking the semiconductor 
structure in an NH 3 ambient at a temperature of between about 150 C and 450 °C and at a 
pressure of between about 0.2 torr and 760 torr. 
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Second, the nitridization can be performed by soaking the 
semiconductor structure in an N2 and H2 ambient at a temperature of between about 1 50 
°C and 450 °C and at a pressure of between about 0.2 torr and 760 torr. 

Third, the nitridization can be performed by exposing the copper- 
titanium fill layer (50) to an NH 3 plasma at a temperature of between about 150 °C and 
400 °C, at a pressure of between about 0.2 mtorr and 20 mtorr. 

Fourth, the nitridation can be performed by exposing the copper- 
titanium fill layer (50) to an N 2 \H 2 plasma at a temperature of between about 150 °C and 
400 °C, at a pressure of between about 0.2 mtorr and 20 mtorr. 

An advantage of the present invention is that a high-K nitride barrier 
layer is not required over the copper fill, reducing RC delay. Another advantage is that 
an inhibitor agent does not need to be added to the CMP slurry to prevent oxidation of the 
Cu. Also, the copper in the damascene structure is prevented from reacting with 
NH3/SiH4 during subsequent PECVD processes. 

Experimental Results 

Copper-titanium samples were prepared and annealed in NH3 for 30 
minutes at temperatures of about 400°C and 550°C. Fig. 5 shows a back-scattering 
spectra for the copper-titanium layer as deposited. Fig. 6 shows a back-scattering spectra 
for the copper-titanium layer after a 30 minute anneal in NH 3 at a temperature of about 
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400°C. An oxygen rich TiN top layer (e.g., TiON) is formed, and the copper-titanium 
layer is essentially oxygen-free. Fig. 7 shows a back-scattering spectra following 
annealing of a copper-titanium layer in NH 3 for 30 minutes at a temperature of about 
550°C. An oxygen rich TiN top layer is formed over a copper layer which is essentially 
oxygen-free and titanium-free. 

Advantages of embodiments of the invention 

The embodiments of the present invention provides considerable 
improvement over the prior art. One advantage of the present invention is that the self- 
passivation layer prevents copper diffusion into subsequently formed insulating layers, 
eliminating the need for a high-K nitride barrier layer. Eliminating the high-K nitride 
barrier layer reduces RC delay improving device performance. Another advantage is that 
an inhibitor agent does not need to be added to the CMP slurry. An embodiment of the 
invention eliminates the need for an inhibitor agent in the CMP slurry between the self- 
passivation layer can be a anti-corrosion layer. Also, the copper in the damascene 
structure is prevented from reacting with NH 3 /SiH 4 during subsequent PECVD processes. 
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While the invention has been particularly shown and described with 
reference to the preferred embodiments thereof, it will be understood by those skilled in 
the art that various changes in form and details may be made without departing from the 
spirit and scope of the invention. 
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